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[57] ABSTRACT 

The present invention is directed to an assay system, a kit 
and a process for detecting at least one short tandem repeat 
sequence from DNA at a speci?c locus utilizing an allelic 
ladder containing at least two short tandem repeat sequences 
of the same lengths as two or more known alleles for the 
locus. 

2 Claims, 15 Drawing Sheets 
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ALLELIC LADDERS FOR SHORT TANDEM 
REPEAT LOCI 

This is a divisional of application Ser. No. 08/219,633, 
?led Mar. 28, 1994. 

FIELD OF THE INVENTION 

The present invention is generally directed to the use of 
genetic analysis for the detection of short tandem repeat 
sequence polymorphisms in individuals. The present inven 
tion is more speci?cally directed to the use of allelic ladders 
to provide a standard set of markers for detecting short 
tandem repeat (SI‘R) polymorphisms in speci?c loci on 
speci?c chromosomes. 

CITED REFERENCES 

A full bibliographic citation of the references cited in this 
application can be found in die section preceding the claims. 

DESCRIPTION OF PRIOR ARI‘ 

Classical approaches to size determination compare 
unknown DNA fragments to DNA fragments of completely 
different sequences but known lengths. Size standards are 
generally prepared by restriction digestion of plasmid or 
lambda phage DNA or by PCR ampli?cation of well 
characterized templates. This method, however, suffers from 
the phenomenon that dilferent DNA sequences may produce 
distinct DNA conformation dynamics resulting in dilferent 
mobilities of fragments of identical length (Frank and 
Koster, 1979). Thus, standards and sample DNA fragments 
of identical length may appear as different sizes in gel 
electrophoresis. 
Many loci in at least the human genome contain a 

polymorphic short tandem repeat (STR) region. Short tan 
dem repeat (STR) loci consist of short, repetitive sequence 
elements of 3 to 7 base pairs in length. It is estimated there 
are 200,000 expected trimeric and tetrameric S'I‘Rs present 
as frequently as once every 15 kb in the human genome 
(Edwards et al. 1991b; Beckmann and Weber 1992). Nearly 
half of the STR loci studied by Edwards et al (1991b) are 
polymorphic, providing a rich source of genetic markers. 
Variation in the number of repeat units at a particular locus 
is responsible for the observed polymorphism reminiscent of 
VNTR loci (Nakamura et al. 1987) and minisatellite loci 
(Jelfreys et al. 1985), which contain longer repeat units, and 
microsatellite or dinucleotide repeat loci (Litt and Luty 
1989, Tautz 1989, Weber and May 1989, Beckrnann and 
Weber 1992). 

Polymorphic STR loci are extremely useful markers for 
human identi?cation, paternity testing and genetic mapping. 
SI'R loci may be ampli?ed via the polymerase chain reac 
tion (PCR) by employing speci?c primer sequences identi 
?ed in the regions ?anking the tandem repeat. 

Allelic forms of these loci are dilferentiated by the num 
ber of copies of the repeat sequence contained within the 
ampli?ed region and are distinguished from one another 
following electrophoretic separation by any suitable detec 
tion method including radioactivity, ?uorescence, silver 
stain, ethidium bromide and color. 

Alleles are named according to the number of repeat units 
which are contained within them (Edwards et al. 1991). For 
example, an allele containing eight contiguous identical 
copies of the repeat is called “allele 8” while one containing 
ten such copies is called “allele 10.” 
The ?rst publication describing an allelic ladder is 

Budowle et al. 1991. This work describes mixing of ampli 
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?ed alleles of the D1580 locus from several individuals to 
create a size marker simplifying additional analysis of 
samples ampli?ed at this locus. In this case, ampli?ed alleles 
were detected following electrophoretic separation using a 
silver stain method. 
The ?rst allelic ladders for the HUMI‘HOl, HUMFABR 

and HUMHPRI‘B loci were described in Edwards et al., 
(1991b). A similar strategy was employed. Several ampli?ed 
alleles for the THOl and HPRI‘B loci, respectively, were 
derived from independent genomic DNA samples, mixed, 
and subjected to electrophoretic separation. The separated 
alleles were labeled by inclusion of a ?uorescently labeled 
primer in each ampli?cation reaction. The ampli?cation 
products were visualized using a ?uorescence detector. 

SUMMARY OF THE INVENTION 

The present invention is directed to an allelic ladder for 
evaluating short tandem repeat sequences at a speci?c locus 
wherein the locus is selected from the group consisting of: 
HUMCD4, HUMCSFlPO, HUMCYP19 (CYARP450), 
HUMF13A01, HUMF13B, HUMFESFPS, HUMLPL 
(LIPOL), HUMPLA2A1 (FLA-AZ). HUMTPOX and 
HUMVWFA31. 
The present invention is also directed to an allelic ladder 

speci?c for the STR locus HUMI‘HOI (Version 2). 
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The present invention is also directed to an allelic ladder 
speci?c for the STR locus HUMHPRI‘B. 
The present invention is also directed to an allelic ladder 

speci?c for the STR locus HUMFABP. 
The present invention is also directed to the primer 

sequences of SEQ ID. NOS. 23 and 24 (de?ned below) for 
determining ?anking sequences of short tandem repeats at 
the locus HUMP’I‘OX. 

Further, the present invention is directed to an assay 
system for detecting at least one short tandem repeat 
sequence from DNA at a speci?c locus comprising releasing 
DNA from a sample to be tested, amplifying the DNA, and 
comparing the at least one short tandem repeat sequence to 
an allelic ladder containing at least two short tandem repeat 
sequences of the same lengths as two or more known alleles 
for the locus. 

The present invention is also directed to a process for 
analyzing short tandem repeat sequences from a DNA 
sample at a speci?c locus comprising releasing DNA from a 
sample to be tested, amplifying the short tandem repeat 
sequences; and identifying the ampli?ed short tandem repeat 
sequences by the use of short tandem repeat allelic ladders 
containing nucleotide fragments of the same lengths as two 
or more known alleles for the locus. 

Further, the present invention is directed to a process for 
determining allele frequency in a speci?c locus of an indi 
vidual comprising releasing DNA from the locus of a sample 
to be tested, amplifying the short tandem repeat sequences 
from the DNA, and comparing the ampli?ed short tandem 
repeat sequences with an allelic ladder speci?c for the locus. 
The present invention is directed to a kit for analyzing 

short tandem repeat sequences from a DNA sample at a 
speci?c locus comprising a container containing primers for 
the speci?c locus; a container containing an allelic ladder 
speci?c for the locus; and instructions for use. 
While allelic ladders have been previously described for 

some STR loci, the present invention marks the ?rst time in 
which allelic ladder components have been characterized by 
sequence analysis allowing con?dent, rapid, and precise 
assignment of discretely de?ned alleles. Fragments compos 
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ing the allelic ladder are identical in size and sequence to 
ampli?ed alleles from sample material from which they 
were derived. Thus, comigration of ladder and sample 
fragments is achieved regardless of the gel system used for 
electrophoretic separation. Use of the allelic ladder in com 
bination with speci?c electrophoresis and detection tech 
niques described herein has allowed discrimination of vari 
ants ditfering by as little as a single base. 
The assignment of alleles using a well de?ned allelic 

ladder is a precise, reliable, simple, and easily automated 
method which is independent of the separation and detection 
methods used with it. Therefore, it would be useful to create 
such ladders for a variety of STR loci that could be used 
simultaneously. 
The application of allelic ladders accelerates, simpli?es, 

and allows precise characterization of unknown alleles. 
These locus-speci?c standard size markers are also useful 

tools for the identi?cation of microheterogeneity, i.e., length 
variations not resulting from integral variation in the number 
of tandem repeats. at STR loci. 

The construction. characterization, and application of 
allelic ladders permits rapid, reliable characterization of 
unknown alleles without requirement for calculations or 
analytical equipment. In essence, the allelic ladder acts as a 
locus-speci?c high resolution size marker. 

Uses for this process include forensic analysis, paternity 
determination, monitoring of bone marrow transplantation, 
linkage mapping and detection of genetic diseases and 
cancers. 

The allelic ladders can be used to determine allele 
frequencies, frequencies of heterozygosity, polymorphism 
information content (PIC) (Botstein et al., 1980), and match 
ing probability (pM) (Jones 1972). 
These and other aspects of the present invention will 

become evident upon reference to the following detailed 
description of the invention and the attached drawings and 
photographs. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a photograph showing the allelic ladder for 
HUMCSFIPO in lanes marked 1.. in Example 1. In lanes 1-5 
are the components used to make up the ladder consisting of 
SI'R alleles 8, 9, 10, ll, 12, 13 and 14. 

FIG. 2 is a photograph illustrating the HUMCSFlPO 
allelic ladder (Version 2) consisting of STR alleles 7, 8, 9, 
10, 11, 12. 13, 14 and 15 in Example 2. 
FIG. 3 is a photograph illustrating the HUMCD4 ladder 

consisting of STR alleles 6, 8. 10, 12, 14 and ampli?ed gel 
puri?ed components in Example 3. 

FIG. 4 is a photograph illustrating the HUMCYP19 ladder 
consisting of alleles l, 3, 4, 6 in Example 4. The repeat 
number is not known. 

FIG. 5 is a photograph illustrating the HUMF13A01 
ladder containing ampli?ed alleles 4, 5, 6, 7. 8, 9, ll, l2. l3, 
l4, l5. l6 and the reampli?ed gel puri?ed components in 
Example 5. 

FIG. 6 is a photograph illustrating the HUMF13B ladder 
containing ampli?ed alleles 6, 7, 8, 9 and 10 and its 
components in Example 6. 

FIG. 7 is a photograph illustrating the HUMFABP ladder 
containing ampli?ed alleles 8. 9, 10, ll, 12, 13 and 14 in 
Example 7. The two fragments appearing below allele 8 are 
artifacts of PCR in which one or two copies respectively of 
the repeat have been deleted. 

15 

25 

35 

50 

55 

65 

4 
FIG. 8 is a photograph illustrating the HUMFESFPS 

ladder containing ampli?ed alleles 7, 8, 9, 10, ll, 12, 13. and 
14 in Example 8. 

FIG. 9 is a photograph illustrating the HUMHPKI'B 
ladder containing ampli?ed alleles 6, 7, 8. 9, 10, ll, 12, 13, 
14, 15, 16, and 17 in Example 9. 
FIG. 10 is a photograph illustrating the HUMLPL ladder 

containing ampli?ed alleles 2, 4. 5, 6, 7, 8 and 9 in Example 
10. 
FIG. 11 is a photograph illustrating the HUMPLA2A1 

ladder containing ampli?ed alleles 5, 6, 7. 8, 9 and 10 in 
Example 11. The fragment appearing below allele 5 is an 
artifact of PCR in which one copy of the repeat has been 
deleted 

FIG. 12 is a photograph illustrating the HUMTHOI ladder 
containing ampli?ed alleles 5, 6, 7, 8, 9, 10, 11 and its 
components in Example 12. 

FIG. 13 is a photograph illustrating the HUMTPOX 
ladder containing the ampli?ed alleles 8, 9, 10, 11, 12 and 
its ampli?ed gel puri?ed components in Example 13. 

FIG. 14 is a photograph illustrating the HUMVWFA31 
ladder containing ampli?ed alleles 14,15,16.17,18,19,20 and 
its components in Example 14. 

FIG. 15 is a photograph illustrating the HUMCSFIPO 
allelic ladder consisting of STR alleles 7, 8, 9, 10, 11, 11, 12, 
13, 14, and 15 along with ampli?cation products from three 
cell line DNA samples. The ladder and products were 
labeled with ?uorescein described in Example 15. Detection 
was achieved using the F1uorImager® 575 (Molecular 
Dynamics, Sunnyvale, Calif.) 

FIG. 16 is a photograph showing the products from the 
ampli?cation of DNA from six individuals in lanes 1, 3, 4, 
6, 8 and 10 using the HUMCSFIPO primers described in 
Example 16. Lanes 2, 5, and 9 contain the HUMCSFlPO 
allelic ladder consisting of‘STR alleles 8, 9, 10, ll, 11, 12, 
13 and 14. 
FIG. 17 is a photograph showing the simultaneous detec 

tion of three polymorphic STR loci using the HUMCSFlPO, 
HUMFESFPS, and HUMTHOl. Use and interpretation of 
the ampli?cation results are described in Examples 17 and 
19. 
FIG. 18 is a photograph showing the ampli?cation prod 

ucts from 8 genomic DNA samples using the STR locus 
HUMTHOl. In the left portion of the ?gure the samples were 
run Without allelic ladders. In the right portion, the same 
eight samples are shown with the HUMTHOl allelic ladder 
interspersed in every third lane marked L. Interpretation of 
the ampli?cation results are described in Example 20. 

FIG. 19 is a photograph showing the sequential loading 
during electrophoretic separation described in Example 20. 
Ampli?cation products are from the STR locus 
HUMF13AO1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The following de?nitions are provided to assist in pro 
viding a clear and consistent understanding of the scope and 
detail of the terms: 

Allelic ladder: a standard size marker consisting of ampli 
?ed alleles from the locus. 

Allele: a genetic variation associated with a segment of 
DNA, i.e., one of two or more alternate forms of a DNA 
sequence occupying the same locus. 

Biochemical nomenclature: standard biochemical nomen 
clature is used herein in which the nucleotide bases are 
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designated as adenine (A); thymine (T); guanine (G); and 
cytosine (C). Corresponding nucleotides are, for example, 
deoxyguanosine-5'-triphosphate (dGTP). 
DNA polymorphism: the condition in which two or more 

di?’erent nucleotide sequences coexist in the same inter 
breeding population in a DNA sequence. 

Locus (or genetic locus): a speci?c position on a chro 
mosome. Alleles of a locus are located at identical sites on 
homologous chromosomes. 

Locus-speci?c primer: a primer that speci?cally hybrid- 10 
izes with a portion of the stated locus or its complementary 
strand, at least for one allele of the locus, and does not 
hybridize e?iciently with other DNA sequences under the 
conditions used in the ampli?cation method. 

Polymerase Chain Reaction (PCR): a technique in which 
cycles of denaturation. annealing with primer and extension 
with DNA polymerase, are used to amplify the number of 
copies of a target DNA sequence by >106 times. The 
polymerase chain reaction process for amplifying nucleic 
acid is covered by US. Pat. Nos. 4,683,195 and 4,683 .202, 
which are incorporated herein by reference for a description 
of the process. 

Polymorphism information content (PIC): Because mat 
ings between two individuals who are both heterozygous but 
have identical genotypes are often not useful in genetic 
analysis, PIC was de?ned to more accurately re?ect true 
inforrnativeness (Botstein et al., 1980). PIC values range 
from 0 to 1.0, and are smaller in value than heterozygosities. 
For markers that are highly infonnative (heterozygosities 
exceeding about 70%), the di?erence between heterozygos 
ity and PIC is slight. 

Primary reaction: reaction using the puri?ed human 
genomic DNA as template for the PCR. 

Primers: two single-stranded oligonucleotides or DNA 
fragments which hybridize opposing strands of a locus such 
that the 3' termini of the primers are in closest proximity 

Primer pair: a set of primers including a 5‘ upstream 
primer that hybridizes with the 5' end of the DNA sequence 
to be ampli?ed and a 3' downstream primer that hybridizes 
with the complement of the 3' end of the sequence to be 
ampli?ed. ' 

Primer Site: the area of the target DNA to which a primer 
hybridizes. 
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General Procedure for Constructing Allelic Ladders 

The system of the present invention provides a rapid, 
non-isotopic method which can be used to evaluate very 
small amounts (e.g., 1 ng) of human DNA. The preferred 
process includes the use of silver staining to detect the 
presence of ampli?ed STR products following their separa- ' 
tion by denaturing polyacrylamide gel electrophoresis. It is 
also possible to detect SI'R products using radioactivity, 
?uorescence, and various dyes or stains with denaturing or 
native gel electrophoresis using any available gel matrix or 
size separation method. 

Allelic ladders are constructed for STR loci with the goal 
of including several or all known alleles with lengths 
corresponding to ampli?ed fragments containing an integral 
number of copies of polymorphic sequences. While it is 
preferred to have an integral number of copies for commer 
cial applications, the integral number of copies of repeats is 
not essential to the concept of allelic ladders. 

DNA samples used to identify allelic ladder components 
of a speci?c locus are obtained and subjected to DNA 
isolation, PCR ampli?cation, electrophoretic separation, and 
determination of the length heterogeneity. DNA sequence 
analysis of ampli?ed fragments is often used to con?rm the 
nature of the observed length heterogeneity. The basic 
process for constructing allelic ladder utilizes the following 
techniques: 
Obtaining DNA Samples: 

Several individuals are selected for DNA isolation. It is 
preferable to select individuals from a variety of ethnic 
groups to increase the probability of identifying a greater 
number of alleles. DNA is isolated from blood or tissue 
culture cells using standard methods (Patel et al. 1984, Gill 
et al. 1985). DNA concentrations are measured ?uorometri 
cally (Brunk et al. 1979). 
Ampli?cation: 
Human genomic DNA samples are subjected to PCR 

ampli?cation using primers and therrnocycling conditions 
speci?c for each locus. Reference is made to the following 
Table 1 for details of the ampli?cation protocol, the STR 

45 alleles and the primer sequences used to make speci?c 
Secondary reaction: reampli?ca?on with the same or allelic ladders of the present invention. Detailed descriptions 

different prime‘ rpair using a dilution of the primary‘ reaction of the construction of the allelic ladders are found in the 
as template for the PCR. Examples below. 

TABLE 1 

Amplif. 
Name Protocol’ Repeat Primer sequences 

HUMCD4 1 AAAAG primer 1: CCA GGA AGT TGA GGC 'DGC 
AGT GAA (SEQ 1]). N0. 1) 
primer 2: TTG GAG TCG CAA GCT 
GAA CILAGCG (SEQ ID. NO. 2) 

HUMCSFIPO 1 AGKT primer 1: AAC CI‘G AGT CI‘G CCA 
AGG AC1‘ AGC (SEQ ID. NO. 3) 
primer 2.; 'I'IC CAC ACA CCA CTG 
GCC ATC Trc (sEQ 11). N0. 4) 

HUMCYP19 2 AAAT primer 1: GCA GGT AC1‘ TAG TI‘A 
(CYARP450) GCT AC (SEQ ID. NO. 5) 

primer 2: 'ITA CAG TGA GCC AAG 
GTC GT (SEQ ID. No. 6) 

HU'MF13A01 . _ 1 . AAAG primer 1: GAG GT1" GCACTC CAG 

CCI‘ TI‘G CAA (SEQ ID. NO. '7) 
primer 2: TI‘C C'IG AAT CAT CCC 
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TABLE l-continued 

Amplif. 
Name Protocol‘ Repeat Primer sequences 

AGA occ AcA (SEQ ID. NO. 8) 
HUMF13B 2 AAAT 

' CCATA (SEQ ID. NO. 9) 
primer 2; GAT cAT GCC ATI‘ GCA 
cTc TA (SEQ to. NO. 10) 

HUMFABP 2 primer 1: GTA GTA 'ICA GTT TCA 
TAG GGT CAC C (SEQ ID. NO. 11) 
primer 2: CAG 'ITC G'IT TCC A'IT 
GTC 'IGT CCG (SEQ ID. NO. 12) 
primer 1: GCT G'ITAAT TCATGT 
AGG GAA GGC (SEQ ID. NO. 13) 

HUMFESFPS 1,2 

primer 2: GTA GTC CCA GCT AC1" 
TGG CTA CI‘C (SEQ ID. NO. 14) 
primer 1: ATG CCA CAG AI‘AATA 
CAC AI‘C CCC (SEQ ID. No. 15) 
primer 2: CTC 'ICC AGA ATA GIT 
AGA TGT AGG (SEQ ID. NO. 16) 

AGAT 

HUMLPL 2 
(LIPOL) GGG ATA TAG (SEQ ID. NO. 17) 

primer 2: GGT AAC TGA GCG AGA 
CTG TGT CT (SEQ ID. NO. 18) 
primer 1: CTA GGT TGT AAG C'IC 
CAT GA (SEQ 11). NO. 19) 
primer 2: 'I'I‘G ACC ACT TAC TC'I‘ 
GTG CC (SEQ ID. NO. 20) 

HUMPLAZAI 3 

(FLA-AZ) 

mnvmrm 1 
ccc GAT TAT (SEQ 11). No. 21) 
primer 2; ATP cAA AGG GTA 'ICT 
666 etc TGG (SEQ ID. NO. 22) 

l-[UMI‘POX 1 
GCA crr AGG (SEQ 11). NO. 23) 
primer 2: GGA GGA ACT GGG AAC 
CAC ACA GGT (SEQ ID. NO. 24) 

HUMVWFASI 2 AGAT 

primer 2: GGA CAG AI‘G KI‘A AAI‘ 

primer 1: TGA GGT GGT GTA CI‘A 

primer 1: CTG ACC AAG GAI‘ AGT 

primer 1:G'IG GGC TGAAAA GCT 

prinxr 1: ACT GGC ACA GAA CAG 

primer 1; GA AAG ccc TAG TGG ATG 
ATA AGA ATA ATC (SEQ ID. N0. 25) 

ACA TAG GAT GGA TGG (SEQ ID. NO. 
26) 

"Ampli?cation program 1: 96° C. for 2 min., then 10 cycles of 94° C. for 1 min., 64“ C. for 
1 min, and 70° C. for 1.5 min., followedby 20 cycles 0190“ C. for 1 min, 64° C. for l min., 
70° C. for 1.5 min. 
Ampli?cation program 2: 96° C. for 2 min, then 10 cycles of 94° C. for 1 min, 60° C. for 
1 mm, and 70° C. for 1.5 min., followedby 20 cycles of90° C. for l min, 60° C. for 1 min., 
70° C. for 1.5 min. 
Ampli?cation progam 3: 96° C. for 2 min, then 10 cycles of94° C. for 1 min, 56° C. for 
1 min, and 70° C. for 1.5 min., followed by 20 cycles of90° C. for 1 min, 56“ C. for 1 min., 
70° C. for 1.5 min. 

45 
The locus-speci?c primer sequences are used to perform 

PCR ampli?cations according to conditions described for 
each locus in Table 1. Reference is made to the Examples 
below for details on the speci?c procedure relating to each 
locus. The locus-speci?c primers include a number of nucle 
otides which, under the conditions used in the hybridization, 50 
are suf?cient to hybridize with an allele of the locus to be 
ampli?ed and to be essentially ?ee from hybridization with 
alleles of other loci. Reference is made to US. Pat. No. 
5.192.659 to Simons. which is incorporated herein by ref 
erence for a more detailed description of locus-speci?c 55 
primers. 

For some loci the primary or secondary reactions were 
mixed together and then ampli?ed again. For others the 
individual alleles were puri?ed from polyacrylamide gels 
prior to being mixed 
Separation and Detection of DNA Fragments: 6O 
Ampli?cation products are then separated by 

electrophoresis, for example by denaturing polyacrylamide 
gel electrophoresis (Sambrook et al., 1989). The DNA is 
then detected by, for example, silver staining (Bassam et al. 
1991). A permanent record of the data can be generated with 65 
the use of electrophoresis duplicating ?lm (STR systems 
manual #TMDO04, Promega Corporation, Madison, Wis.). 

Analysis of STR Fragments: 
Following eleclrophoretic separation of ampli?ed alleles 

and, for example, silver stain detection, individual DNA 
samples containing potential ladder alleles are identi?ed. 
Samples are selected which reveal alleles demonstrating 
spacing between alleles expected for length differences 
corresponding to integral numbers of repeat units. 

In many cases, the selected ampli?ed alleles are subjected 
to sequence analysis to con?rm ?ie length heterogeneity 
among various alleles. The DNA sequencing technique of 
Sanger et al. (1977), an enzymatic dideoxy chain termina 
tion method was employed. Reference is made to Chapter 13 
of Sambrook, J. et al. (1989), which is incorporated herein 
by reference, for a description of DNA sequencing in general 
and various DNA sequencing techniques. 
Isolation of Ampli?ed Alleles from Heterozygous Individu 
als: - 

In some cases, isolation of an ampli?ed allele is required 
prior to mixing of ladder components. Following separation 
by gel electrophoresis, ampli?ed alleles from either primary 
or secondary reactions are subjected, for example, to dena 
turing polyacrylamide gel electrophoresis. The bands are 
visualized according to methods known in the art. For 
























